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STEROID CONJUGATES , PREPARATION THEREOF AND THE USE THEREOF 



The present invention relates to new steroid 
conjugates that are useful for the diagnosis and 
treatment of solid cancers and hematological malig- 
nancies . 

10 Further the invention relates to combinations 

of said steroid conjugates with cytotoxic agents 
showing synergistic effects in the diagnosis and 
treatment of cancer. 

15 - *. [■ 

BACKGROUND FOR THE INVENTION 

Classical steroid hormone action is mediated 
through intracellular steroid hormone receptors. The- 

2 0 se proteins dimerize, after steroid binding, translo- 
cate to the nucleus, and exert specific nuclear 
transcription factor effects on specific steroid- 
sensitive genes [1] . In recent years, however, a num- 
ber of studies indicate that, in addition to the 

2 5 above genomic action, steroids bear non-genomic ef- 
fects, mediated in minutes, and implicating different* 
pathways than those involved in classical steroid re- 
ceptor action [2 , 3]. Non-genomic steroid actions we- 
re, in addition, been found in cells not expressing 

30 classical steroid receptors. The above, non-genomic 
steroid receptor actions were attributed to another 
class of steroid receptors, found on membrane of 
cells, and being biochemically, immunologically and 
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pharmacologically different from classical steroid 
receptors. Until now, non-genomic steroid effects we- 
re found for estradiol, Cortisol, and testosterone, 
in animal tissues, usually not- expressing classical 
5 receptors [2-13] . Activation of these non-classical 
steroid sites, found on membranes of cells was the 
increase of the flux of extracellular calcium to the 
cytosol [8-10, 12, 14] , and in some times, modifica- 
tions of the cytoskeleton [7, 15] . In all cases, BSA- 

10 conjugated steroids were used as ligands for these 
extracellular (membrane) steroid sites, in order to 
identify these sites. Indeed, covalent binding of 
steroids with high (60 kD) molecular weight proteins 
makes these molecules to loose their lipid solubility 

15 (and therefore the property of translocating to the 
cell through the plasma membrane) and confines them 
with v/ater solubility and the possibility of binding 
to specific steroid sites. Commercially available 
sources of these compounds are currently available 

2 0 (e,g, Sigma Chemical Co. St Louis, MO, USA) . Never- 
theless, human applications of this membrane steroid 
receptor activation have not been described so far. 

GB 2 068 973 A, disclose conjugates of a ster- 
oid and an immunogenic protein such as human serum 

2 5 albumin for use in compositions for increasing 

ovulation in cattle. 

EP 1 104 677 A2 discloses conjugates of a pro- 
tein and a low molecular weight compound, where ste- 
roids are mentioned as examples of such. Bovine serum 

3 0 albumin is mentioned as an example of a protein 

useable in such conjugates. If at least part of the 
low molecular compounds is cytostaticum and the pro- 
tein is a tumor specific antibody, an enzyme or a 
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lectin the conjugates may be used for treatment of 
cancer . 

US 6,372,712 , Bl . discloses synthetic Afunc- 
tional molecules containing a drug moiety and a 
5 presenter protein ligand. Steroids are mentioned as 
examples of a drug moiety and albumin is mentioned as 
a preferred example of a presenter- protein. The con- 
jugates may be used to enhance the binding affinity 
and/or specificity of the agent to its target. It is 

10 stated that the conjugates can be used for treatment 
of different diseases dependent on the type of drug 
moiety used, but there are no specific teachings on 
which diseases may be treated with which drug moiety. 

WO 01/82910 A2 discloses therapy of cancer 

15 using a composition comprising progesterone and RU486 
(Mif esterone) or derivatives thereof and a portion of 
HPV E2 protein for the treatment of cervical cancer 
or certain pre-cancerous cervical lesions. The HPV E2 
protein is known to be lethal for the cervical tissue 

20 and the connection v/ith the steroid seems to enhance 
this effect. The steroid may be bound to a steroid 
carrier protein such as human serum albumin. 

US 4,215,102 Al discloses a conjugate con- 
sisting of progesterone or estrogen, protein and a 

25 f luorochrome . The conjugates may be used for detec- 
tion of steroid hormone receptors in excised human 
tissue sections. 

WO 99/13914 Al disclose the pharmaceutical com- 
positions comprising therapeutic active substances 

3 0 having low aqueous solubility bound to a plasma pro- 
tein fraction in controlled aggregation state in or- 
der to increase the soluble amount of the active 
substances and thereby increase the availability the- 
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reof . 

. WO 93/02691 Al disclose a delivering system for. 
glucocorticoids using a protein carrier molecule hav- 
ing a binding site for glucocorticoids and a binding 
5 site for the targeted cell population. There is not 
indicated particular indication for which pharmaceu- 
tical compositions comprising said delivering systems 
are useful but it may be used for conditions known to 
be treatable with glucocorticoids. 

10 

DESCRIPTION OF THE INVENTION 

The invention is based on the discovery that 
15 steroid conjugated to a mammalian protein may sur- 
prisingly have a cytotoxic effect on cancer cells, 
even when neither the steroid nor the mammalian pro- 
tein by itself exert any substantial cytotoxic ef- 
fect . 

2 0 Thus in one aspect the invention related to the 

use of one or more steroids thereof, which are not 
cytostaticum, conjugated with mammalian proteins for 
the manufacture of pharmaceutical compositions for 
the treatment of. solid cancers or hematological ma- 
25 lignancies. 

The steroid may in principle be any steroid 
thereof having a cytostatic effect when conjugated to 
a soluble mammalian protein. The term "steroids' 7 is 
according to the invention intended to comprise all 

3 0 natural and synthetic steroid hormones, their analogs 

and derivatives thereof such as sulphate and fatty 
acid esters, their precursors, metabolites and their 
analogs, which may be steroidal or not steroidal in 
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structure . 

As analogs the inventors contemplate all natu- 
ral, semisynthetic or synthetic polycyclic molecules, 
capable to bind to human membrane steroid receptors, 
5 their mixtures, precursors and metabolites. 

In one preferred embodiment the steroid is a 
steroid capable of binding to a membrane associated 
steroid receptor. 

As examples of suitable steroid according to 
10 the invention can be mentioned: glucocorticoids, Cor- 
tisol, testoterone, estrogen, estradiol, progesterone 
and any known analogs thereof . 

The mammalian protein may according to the in- 
vention in principle be any mammalian protein that is 
15 water soluble when conjugated to s;teroid. ■ 

The mammalian -protein may be selected among 
globular proteins, plasma proteins, albumins, binders 
or antibodies of selective human tumoral cell anti- 
gens . 

20 Albumins are preferred examples of proteins to 

be conjugated to steroids according to the invention. 

Human albumins and bovine serum albumin (BSA) 
are examples of preferred proteins to be conjugated 
according to. the invention. 

2 5 Human albumins are particular preferred in case 

that the particular conjugate is intended for treat-' 
ment of a human being . 

The term protein is contemplated to comprise 
natural and non natural proteins. In this context non 

30 natural proteins are considered any protein that dif- 
fers from a natural occurring protein in amino acid 
sequence, glycosylation pattern or chemical modifica- 
tions. Non natural proteins may be provided using re- 
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combinant DNA technologies or by chemical modifica- 
tions of natural proteins. 

Non natural proteins provide the possibilities 
of modifying natural proteins in order to e.g. reduce 
5 the antigenicity in a intended host; insert a suit- 
able hapten; increase the stability of the protein 
against e.g. oxidation; provide a suitable site at 
the protein for improved attachment of a steroid; 
provide a suitable way of producing the intended pro- 
10 tein. 

Non natural proteins are considered mammalian 
protein if they directly or indirectly are derived 
from natural mammalian proteins, such as by e.g. 
chemical modification of isolated natural protein, or 
15 by recombinant DNA technologies, where a gene encod- 
ing a mammalian protein is used in is original or in 
a modified form. 

Natural proteins may be provided from a natural 
source or from tissue cultures of natural or recombi- 
20 nant cells provided by recombinant DNA technologies. 

It is within the skills of the average prac- 
tioner to provide a given suitable natural or non 
natural protein using known procedures. 

If the steroid protein conjugates according to 
25 the invention is intended for use in a treatment 
regimen the protein is preferably selected so that it* 
is not immunogenic in the intended subject for the 
treatment . 

30 The conjugates according to the invention may 

be prepared by procedures that are known per se, 
wherein the steroid is attached to the protein. The 
attachment may be any attachment that provides for a 
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stable conjugate, preferably a covalent attachment. 

In addition to steroid further groups may be 
attached to the. protein e.g. a labelling attached for 
diagnostic purposes e.g. a hapten, a coloured moiety, 
5 a fluorescent moiety, a radionuclid etc. 

The covalent attachment of the steroid moiety 
to proteins will be made by the use of conventional 
methods (ex. attachment of a carboxy-methyl ether 
moiety, and the attachment to proteins by the action 
10 of carboxydiimide) . 

In order to increase the selectivity of the 
steroid-protein conjugates, different attachments of 
the steroid moiety to the protein will be made (ex. 
attachment trough addition of an acid group at carbon 
15 positions 1, 3, 7, 11 or 15 of the steroid - the list 
is not exclusive-) . 

According to the invention the conjugates may 
be used for treatment of solid cancers and haemato- 
logical malignancies . 
20 A s examples of solid cancers can be mentioned: 

prostate adenocarcinoma (hormone sensitive and resis- 
tant) and its metastases (lymph node, bone etc.), 
breast cancer (hormone sensitive and resistant) and 
its metastases in any places (lymph node, bone etc.), 

2 5 phenochromocytomas and their metastases, bone tumors 

and their metastases brain tumors (neuroblastomas) ' 
etc. (the list is not exclusive). 

As examples of haematological malignancies can 
be mentioned: Accute and chronic myeloid leukaemia, 

3 0 acute and chronic lymphoid leukaemia and lymphomas (B 

and T) . 

In principle the conjugates may be used for the 
treatment of the mentioned indications in any mammal 
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in need for such a treatment. 

As examples of mammals that may be treated, us- 
ing the conjugates according to the invention can be 
mentioned: human beings, cattle, dog, sheep, horse, 
5 goat, donkey, cat and monkeys. Preferably the conju- 
gates are used for the treatment of humans . 

In a preferred embodiment the conjugates ac- 
cording to the invention is used for the treatment of 
cancer or haematological malignancies in a human be- 
10 ing. 

For such treatment the conjugates may in prin- 
ciple be administered in any known administration 
form such as oral or rectal administration or by par- 
enteral, percutaneous or intravenous injection, where 
15 parenteral , percutaneous or intravenous injection are 
preferred. 

The dosages and regimens are generally to be 
determined in accordance to the discretion of the at- 
tending physician, taking due considerations to the 

20 patient's age, weight, condition etc. 

Generally the daily dosages may be in the range 
of 1 mg/kg body weight to 100 mg/ kg body weight, 
preferably in the range of 5 mg/kg body weight to 10 0 
m 9/ kg body weight, more preferred in the range of 5 

25 mg/kg body weight to 50 mg/ kg body weight and most 
preferred in the range of 5 mg/kg body weight to .2 0 
™g/kg body weight, and in a particular preferred em- 
bodiment the daily dosage is around 7 to 10 mg/kg 
body weight. The treatment is generally continued for 

30 up to 6 months, preferably in the range of 2 weeks to 
6 months, more preferred in the range of 2 weeks to 3 
months . 

The pharmaceutical compositions may be adminis- 
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tered at regular intervals during the period of 
treatment in order to maintain a satisfactory concen- 
tration of the active compound in the circulation, as 
the skilled person will appreciate. Thus the pharma- 
5 ceutical composition according to the invention may 
be administered once or more times daily or even with 
regular intervals of one or more day e.g. every sec- 
ond day, according to the discretion of the attending 
physician taking due consideration to the treatment 
10 efficiency and the acceptance of the patient being 
treated . 

Another aspect of the invention might take ac- 
count the possible degradation of the conjugate ac- 
cording to the invention and the resulting liberation 

15 of free hormone. 

In order to obtain this tumors bearing testos- 
terone receptors, an antiandrogen may be added and 
the tumor treated using a steroid conjugate according 
to the invention where the conjugate is a testoster- 

2 0 one protein conjugate. 

In addition, for tumors bearing estrogen or 
progesterone receptors an antiestroge or an anti pro- 
gestin respectively will replace the antitestoster- 
one, while protein conjugated estrogens or progestins 

25 will replace testosterone protein conjugates. 

In the same line of development, in any tissue* 
in which membrane steroid receptors will be found the 
corresponding steroid conjugate with 10 times higher 
antisteroid agent and anticytoskeleton agents may be 

30 administered. It is within the skills of the average 
practioner to determine the optimal combination in a 
given situation using common skills and routine ex- 
perimentation . 
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Thus in the aspect the pharmaceutical composi- 
tion according to the invention may further comprise 
one or more antiandrogens in the case thae the ster- 
oid present in the administered conjugate is an an- 
5 drogen. Without wishing to be bound by any particular 
theory it is believed that the antiandrogens block 
classical androgen receptors, and thereby abolished 
the effect that hormones liberated from a conjugate 
might have . 

10 Antiandrogens may be added in an amount up to 

10 times higher amount than the amount of steroids in 
the conjugate administered, calculated on a molar ba- 
sis . 

In case that the steroid present on the ster- 
15 oid-protein conjugate is not an androgen but is es- 
trogen or progesterone the antiandrogene may be re- 
placed by an antiestrogen or an antiprogestine , re- 
spectively. 

Antiandrogenes , antiestrogenes and antipro- 
20 gestines will be known for the person skilled in the 
art . 

As examples of antiandrogens can be mentioned 
Cyprotone acetate and flutamide. As examples of anti- 
estrogens and anti progestines can be . mentioned ta- 
25 moxifene and RU486, respectively. 

In another aspect the conjugates according to 
the invention is used for diagnostic purposes. 

For the diagnostic use the specimen is con- 
tacted with the conjugate followed by detection of 
30 bound conjugate by any suitable technique. 

In one embodiment the conjugate is used for di- 
agnosis in vivo combined with an antiandrogen in or- 
der to achieve a pharmaceutical orchecthomy, and 
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block any deleterious effect of free testosterone. 

In this embodiment the conjugate is adminis- 
tered to the subject followed by detection of the 
binding of the conjugate to the target. For such an 
5 in vivo diagnostic use, a labelling is preferably at- 
tached to the conjugate e.g. a radionuclid or an 
electrondense compound functioning as a contrast 
agent for X-ray analysis. 

In another embodiment the conjugate is used for 
10 diagnosis ex vivo. In principle any biological speci- 
men may be tested for binding of conjugate to the 
specimen. For such application it may be advantageous 
if the conjugate is easy detectable, e.g. due to at- 
tachment of detectable groups or by using antibodies 
15 specific for the protein part of the conjugate. 

The inventors have further found a synergy be- 
tween the conjugate according to the invention and a 
cytoskeleton acting drug. 

Thus in s further aspect the invention relates 
2 0 to a pharmaceutical composition comprising one or 
more steroids, which are not cytostaticum, conjugated 
with a mammalian protein and a cytoskeleton-acting 
drug . 

The surprising synergy between the conjugate 
25 according to the invention and cytoskeleton acting 
drugs allow the treatment of solid cancers and haema-' 
tological malignancies, which otherwise would be non 
responsive or only low or moderate responsive to cy- 
toskeleton acting drugs, using this combination. 
30 Thus in a further aspect the invention relates 

to the use of a pharmaceutical composition comprising 
one or more steroids, which are not cytostaticum, 
conjugated with a mammalian protein and a cytoskele- 
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ton-acting drug for the treatment of solid cancer or 
haematological malignancies. 

The term "cytoskeleton acting drugs" is accord- 
ing to the invention used in the usual meaning. As 
5 examples of a cytoskeleton-acting drug can be men- 
tioned Taxol® or Taxotere®, 

The treatment using a combination of the conju- 
gate according to the invention and a cytoskeleton- 
acting drug may be performed by administration of one 
10 pharmaceutical composition comprising both active 
compounds, or it may be performed by administration 
of separate pharmaceutical entities, one comprising 
, the conjugate and another comprising the cytoskeleton 
acting drug. 

15 The dosages and regimens of the conjugate and 

the cytoskeleton-acting drug are similar to the cor- 
responding dosages and regimens applied if the par- 
ticular conjugate and drug were administered sepa- 
rately. 

20 

If the conjugate and the cytoskeleton-acting 
drug and/or the antisteroid compound are administered 
as separate pharmaceutical compositions, they may 
conveniently be provided in a kit comprising these 
25 two pharmaceutical compositions. 

Thus in a further embodiment the invention re-' 
lates to a kit comprising: 

a pharmaceutical composition comprising one or 
more steroids, which are not cytostaticum, con- 
30 jugated with a mammalian protein; and 

a pharmaceutical composition comprising a cy- 
toskeleton acting drug, or 

one of an antiandrogen, an antiestrogen and an 
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antiprogestin in case that the tumor is bearing 
testosteron- , estrogen- or progesterone- recep- 
tors, respectively. 

5 In an even further embodiment the invention re- 

lates to a kit comprising: 

a pharmaceutical composition comprising one or 
more steroids, which are not cytostaticum, con- 
jugated with a mammalian protein; and 
10 ^ pharmaceutical composition comprising a cy- 

toskeleton acting drug, and 

one of an antiandrogen, an antiestrogen and an 
antiprogestin in case that the tumor is bearing 
testosteron-, estrogen- or progesterone- recep- 
15 tors, respectively. 

The invention consists of the determination, 
production and use of membrane steroid receptors ago- 
nists, determined by the association binding of these 
20 molecules with membrane steroid receptor bearing 
cells . 

The invention will use these molecules for the 
diagnosis and treatment of solid tumor and hema- 
tologic malignancies in humans. 

25 The specific molecules will be used, according 

to the invention, for the production of diagnostic 
and therapeutic agents. They are protein-conjugated 
(BSA- conjugated, Human Serum Albumin (HSA) - 
conjugated, binders or antibodies of selective human 

30 tumoral cell antigens for example -the list is not 
exclusive-) steroids. 

The invention will be used, as illustrated in 
the examples provided, to produce specific diagnos- 
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tics in cases of solid tumors and hematological ma- 
lignancies. 

The action of membrane steroid receptors, as 
illustrated by the examples, being the modifications 
5 of actin cytoskeleton, and the potentiation and ex- 
tension of the action of cytoskeleton-acting drugs 
(eg. Taxol ) makes membrane steroid receptor agonists 
an interesting class of potential drugs. 

The inventors will therefore target the produc- 

10 tion of new drugs, capable for a specific and selec- 
tive binding to a class of membrane steroid recep- 
tors, present, as illustrated in the provided exam- 
ples, in selective malignancies, in view of a selec- 
tive primary or adjuvant chemotherapy. In another as- 

15 pect, these agents, used as chemotherapeutics, could 
be used, alone, in combination with antisteroid drugs 
or in association with other chemotherapeutics (ex. 
Taxol° or equivalent drugs) , in order to prevent, or 
modulate the chemoresistance of selective tumors. 

2 0 The inventors will determine the best mode of 

administration of these drugs (local or general, in- 
jectable or locally applied during interventions, 
etc) . 

25 The invention will now be further illustrated 

in more details in the following examples with refer-' 
ence to the enclosed figures. Other characteristics 
and advantages of the invention are given in the fol- 
lowing examples, the references, which are hereby en- 

3 0 closed by reference, and the attached Figures. 

It should be understood that the examples and 
figures are provided for illustration and should not 
be considered as limiting in any way. 
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DESCRIPTION OF THE FIGURES ... 

• Figure 1 presents the binding and selectivity 
characteristics of membrane testosterone recep- 
tors in LNCaP cells. 

• Figure 2 shows the detection of membrane testos- 
terone receptors, in LNCaP cells by flow cytome- 
try (left panel) and confocal laser scanning mi- 
croscopy (right panel) . 

• Figure 3 shows the detection of testosterone 
membrane receptors (by flow cytometry) in cases 
of prostate cancer, benigh prostate hyperplasia 

15 (BPH) and peritumoral non-tumor cells. . 

• Figure_4 ^presents the detection of membrane tes- 
tosterone receptors in touch preparations of 
prostate tumors (prostate cancer at the left and 
BPH at right) and histological slides of pros- 

20 tate intraepithelial neoplasia (PIN, at left) 

and prostate cancer (right) . 

• Figure 5 presents the detection of estrogen, 
progesTercDne and androgen receptors in ER posi- 
tive (upper lane) and ER negative breast cancer. 

25 • Figure _ 6 shows the detection of testosterone,. 

estrogen and progesterone receptors in bone mar- 
row CD34 and AC133 cells (upper and lower la- 
nes) . 

• Figure_J7 shows the modification of actin cy- 
toskeleton in LNCaP cells by testosterone-BSA, 
assayed by confocal scanning laser microscopy 
(upper panels) and the increase of polymerized 



30 
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actin by testosterone-BSA, assayed by biochemi- 
cal methods (lower panel) . 

• Figur e^ 8^ shows the modification of cell viabil- 
ity by a24 hour incubation of testosterone-BSA, 
5 alone or associated with Taxol® (A) , and the ef- 

fect after an additional incubation of 48 hours, 
in the absence of drugs (B) . Panel C presents 
the dose-response of cells to testosterone-BSA 
alone or additioned with Taxol®. 

10 • Figu re 9 presents the effect of testosterone-BSA 
administration in nude mice, bearing implanted 
tumors. Arrows show the injection times of tes- 
tosterone-BSA (500 pi of a 5xl0~ 6 M solution) 
with or without addition of 10 mg/kg Taxol®. 

15 



2 0 EXAMPLES 



Material and Methods 
Cell line 

25 The human prostate cancer LNCaP cell line, originally- 
isolated from a lymph node metastasis of prostate 
adenocarcinoma [16] , was purchased from DSMZ (Braun- 
schweig, Germany) . Cells were cultured in RPMI 1640 
medium supplemented with 10% heat inactivated fetal 

30 bovine serum (FBS) at 37°C in a humidified atmosphere 
of 5% C0 2 in air. They were subcultured once a week 
and incubated in serum- free medium for 24 h before 
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any experiment. All culture media were purchased from 
Gibco BRL (Life Technologies, Paisley, UK) • 

Cell number was assayed using the tetrazolium salt 
5 assay [17] . Cells were incubated for 3h at 37°C with 
the tetrazolium salt (3- (4,5 dimethylthiazol -2 -yl ) - 
2,5 diphenyl tetrazolium bromide, Sigma, St Louis, 
MO) . Living cells reduced the dye to purple formazan 
seen as dark blue crystals. At the end of the incuba- 
10 tion period they were dissolved with propanol-1 and 
the absorbance was measure at 575 nm, within one 
hour. 

Detection of membrane androgen receptors 
15- i . Binding assays 
Membrane preparation 

Cells, cultured in 150 cm 2 flasks without serum, were 
washed twice with phosphate-buffered saline (PBS) , 
removed by scraping and centrifuged at 1500 rpm. Pel- 

2 0 leted cells were homogenized by sonication in 50mM 

Tris-HCl buffer pH 7.4 containing freshly added pro- 
tease inhibitors (lO^g/ml PMSF and lpg/ml aprotinin) . 
Unbroken cells were removed by centrif ugat ion at 
2 500g for 15min. Membranes were obtained by centrif u- 
25 gation at 45,000g for 1 hour, and washed once by the 
same buffer. Protein concentration was measured -by* 
the method of Bradford [18] . 

Binding conditions 

3 0 Saturation binding experiments were performed in a 

final volume of 0.1 ml, containing cell membranes at 
a final protein concentration of 2mg/ml and at least 
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6 different concentrations of [ 3 H] testosterone (rang- 
ing 2-5.0 nM) without (total binding) or with (non- 
specific binding) a 1000-fold molar excess of unla- 
bel led androgen (DHT) . For displacement binding ex- 
5 periments, cell membrane preparations at a final con- 
centration of 2mg/ml were incubated with 5nM of 
[ 3 H] testosterone (specific activity 95 Ci/mmole, Amer- 
sham- Pharmacia, Buckinghamshire, UK) in the absence 
or in the presence of different concentrations of un 

10 unlabelled steroid (DHT, estradiol, progesterone, all 
from Sigma, St Louis, MO) , ranging from 10~ 12 to 10" 6 
M. Non specific binding was estimated in the presence 
of S]iM DHT. In both types of binding experiments, af- 
ter an overnight incubation at 4°C, bound radioactiv- 

15 ity was separated by filtration under reduced pres- 
sure through GF/B filters previously soaked in 0.5% 
polyethylenimine (PEI) in water and rinsed three 
times with ice-cold Tris-HCl buffer. Filters were 
mixed with 4 ml scintillation cocktail and the bound 

20 radioactivity was counted in a scintillation counter 
(Tricarb, Series 4000, Packard) with 60% efficiency 
for Tritium. 

ii . Flow cytometry 

25 

LNCaP cells, cultured in serum free medium for 24" 
hrs, were detached from the culture flask by scraping 
and suspended in PBS at a density of 10 6 cells/ml. 
They were incubated at room temperature with 10" 7 M 
30 testosterone-BSA-FITC conjugate for different periods 
of time (1 min to 1 hour) . A thousand- fold BSA-FITC 
was used to determine non-specific binding. Cells 
were analysed by flow cytometry using a Coulter Epics 
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L-MCL apparatus (Beckman-Coulter Inc. Foullerton CA, 
USA) in a sample size of 10,000 cells gated . on the 
basis of forward and side scatter . Testosterone3 - (O- 
carboxymethyl) oxime - BSA-FITC (named testosterone - 
5 BSA-FITC), testosterone3- (O- carboxymethyl) oxime - BSA 
(named testosterone-BSA) , estradiol6- (O- 

carboxymethyl) oxime - BSA-FITC (named estradiol-BSA- 
FITC) , progesterone3- (O- carboxymethyl ) oxime - BSA- 
FITC (named progesterone-BSA-FITC) and BSA-FITC were 
10 obtained from Sigma (St Louis, MO) . 

iii - Confocal Laser microscopy 

LNCaP cells were allowed to grow on poly-L- lysine 
15 coated glass coverslips for at least 48 hours before 
culture medium was replaced with serum free medium. 
After a 24-hour period, cells were washed twice with 
PBS and incubated with Testosterone-BSA-FITC for 30 
min in the presence or in the absence of DHT. As a 
20 negative control BSA-FITC was used. Cells were then 
washed twice with PBS and fixed with 2% PFA in PBS 
for 3 0 min. Coverslips were mounted on to slides us- 
ing a 1:1 (v/v) mixture of glycerol and Vestashield 
(Vector, Burlingame, CA) . Specimens were analysed us- 
25 ing a confocal laser scanning microscope (CLSM) 
(Leica TCS-NT, Lasertechnik, Heidelberg, Germany) . 

Detection of membrane steroid receptors in paraffin- 
embedden tissue preparations 
30 Tissue slides were prepared from paraffin blocks of 
formalin fixed tissue preparations. Three-four micron 
{\ivn) thick tissue sections were cut and put on on Su- 
perFrost Plus slides (Kindler O GmbH, Freiburg, Ger- 
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many) , incubated at 56°C for 2h, washed six times 
with xylene -.(Brain each)., followed by 96%, 80% and 70% 
ethanol for five, minutes each, and finally with dis- 
tilled water for 20 min. Tissue slides were then in- 
5 cubated in citrate buffer in a microwaves oven at 500 
Watts, three times for 4.5 minutes each. Alterna- 
tively, slides were incubated at 40 C overnight to 
remove paraffin in a milder way. Then, they were 
washed in distilled water and Tris buffered saline 

10 (TBS, 10 mM, pH 7.4). Non-specific absorption of BSA 
was eliminated by a 10 min incubation with a 2% solu- 
tion of BSA in TBS, followed by two washes with TBS. 
Slides were then incubated for 10 min with BSA-FITC 
conjugated steroids and washed with TBS. Coyerslips 

15 were mounted on to slides using a l/l (v/v) mixture 
of glycerol and Vestashield (Vector, Burlingame, CA) . 
Specimens were analysed using a confocal laser scan- 
ning microscope (CLSM) (Leica TCS-NT, LasertechniJc, 
Heidelberg, Germany) . 

20 

Determination of monomer ic and polymerized actin 
For measurements of the monomeric (Triton soluble) 
and polymerized (Triton insoluble) actin, LNCaP cells 
were incubated for 10 min with or without DHT or tes- 

25 tosterone-BSA (10~ 7 M) . Then, 500 |il of Triton- 
extraction buffer (0.3% TritonX-100, 5 mM Tris, pH 
7.4, 2 mM EGTA, 3 00 mM sucrose, 2 jiM phalloidin, 1 mM 
PMSF, 10 ^xg/ml leupeptin, 20 fig/ml aprotinin, 1 mM so- 
dium orthovanadate, and 50 mM NaF) were added, and 

3 0 the mixture was incubated for 5 minutes on ice. After 
removing the buffer, soluble proteins were precipi- 
tated with equal volumes of 6% PCA. The Triton- 
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insoluble fraction remaining on the plate was pre- 
cipitated with 1 ml . of 3% PGA. Equal volumes of each 
fraction were subjected to SDS-polyacrylaniide gel 
electrophoresis (SDS-PAGE) . The resulting protein- 
5 bands were transferred onto nitrocellulose membrane, 
and the membrane was blocked with 5% nonfat dry milk 
in TBS-T (20 mM Tris pH 7.6, 137 mM NaCl , 0.05% 
Tween-2 0) for lh at room temperature. Antibody solu- 
tions (in TBS-T) were added for lh at room tempera - 

10 ture [monoclonal mouse anti-actin first antibody (Am- 
ersham- Pharmacia, Bukinghamshire, UK) and second 
horseradish peroxidase -coupled antibody (Chemicon, 
Temecula, CA) ] . Blots were developed using the ECL sy- 
stem (Amersham-Pharmacia, Bukinghamshire, UK) and the 

15 band intensities were quantified by PC-based image 
analysis (Image Analysis Inc., Ontario, Canada) [19]. 

Immunoprecipitation, kinase assays and immunoblotting 
20 analysis 

Testosterone-BSA or DKT-treated, as well as untreated 
(control) cells were washed three times with ice-cold 
PBS and suspended in cold lysis buffer containing 1% 
Nonidet P-40, 20 mM Tris pH 7.4 and 137 mM NaCl, sup- 

25 plemented with protease and phosphatase inhibitors. 
Cleared lysates were preadsorbed with protein A-' 
Sepharose for 1 h at 4 °C, centrifuged and the super- 
natant s (equal amounts of protein) were subjected to 
immunoprecipitation using the indicated antibodies 

30 and the protein A- Sepharose beads. 

The lipid kinase activity of PI-3 kinase was measured 
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by the method of Auger et al [20] with minor modifi- 
cations. Protein A^Sepharose beads containing immuno- 
precipitated phosphotyrosine proteins were washed 
three times with Buffer A (20 mM Tris pH 7.4, 137 mM 
5 NaCl, 1 mM CaCl 2 , 1 mM MgCl 2/ 1% Nonidet P-40, 0 . ImM 
Na 3 V0 4 ) , three times with 5 mM LiCl in 0.1 M Tris (pH 
7.4) and twice with TNE (10 mM Tris pH 7.4, 150 mM 
NaCl, 5 mM EDTA, 0.1 mM Na 3 V0 4 ) . The immunoprecipi- 
tates were then resuspended in TNE and the PI -3 

10 kinase activity was assayed using 0.2 mg/ml phos- 
phatidylinositol-4 , 5 -bisphosphate (PI-4,5-P2) as a 
substrate, in the presence of 58 M ATP, 10 Ci of 
[ - 32 P]ATP (5000 Ci/mmol) and 14 mM MgCl 2/ for 10 min 
at 37 °C. The reaction was stopped by the addition of 

15 1 M . HC1 and methanol /chloroform (l/l) . After mixing 
vigorously and centrifuging to separate the phases, 
the lipids in the organic lower phase were separated 
by TLC on oxalated silica gel 60 sheets, as described 
[21] . Chromatographed lipids were also visualized by 

2 0 iodine staining and compared to the migration of 
known standards. 

For immunoblot analysis, the cell lysates or the im- 
munoprecipitates were suspended in Laemmli's sample 

25 buffer and separated by SDS-PAGE. Proteins were 
transferred onto nitrocellulose membrane, and the 
membrane was blocked with 5% nonfat dry milk in TBS-T 
(20 mM Tris pH 7.6, 137 mM NaCl, 0.05% Tween-20) for 
lh at room temperature. Antibody solutions (in TBS-T 

30 containing 5% nonfat dry milk) were added overnight 
at 4 °C (first antibody) and for lh (second horserad- 
ish peroxidase -coupled antibody) . Blots were devel- 
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oped using the ECL system and the band intensities 
were quantified by PC-based image analysis (Image 
Analysis Inc. / Ontario, Canada) . 

5 Affinity precipitation 

Affinity precipitation with GST-PBD was performed us- 
ing an assay based on the method of Benard et al 
[22] . Cells were lysed in Mg 2+ lysis buffer (MLB) , 
that was provided by the assay kit (UBI, Lake Placid, 
10 NY) , were mixed with 8 g GST-PBD bound to glu- 
tathione-Agarose and incubated for lh at 4 °C. Pre- 
cipitates were washed three times with MLB and sus- 
pended in Laemmli's sample buffer. Proteins were 
; separated by 11% SDS-PAGE, transferred onto nitro- 
15. cellulose membrane, and blotted with anti-Cdc42 Gi- 
ant i-Rac antibody. 

In vivo effect of testosterone-BSA in nude mice 

2 0 Nude mice were injected in the back with 5xl0 6 LNCaP 
cells diluted in Matrigel® (Sigma, St Louis, MO) in a 
total volume of 0.1 ml. After 4 weeks, macroscopical 
tumors were developed, and treatment was initiated, 
as follows: Drugs, diluted in PBS were injected in- 

25 traperitoneally 3 times per week, in a total volume 
of 0.5 ml. Animals were divided in four groups: The 
first group received 5xl0~ 6 M BSA. The second group 
was injected with 5xl0~ 6 M testosterone-BSA conjugate. 
The third group was injected with 10 mg/ml Taxol®, 

30 while in the fourth group a combination of testoster- 
one-BSA and Taxol® was introduced. Tumors were meas- 
ured after four weeks of treatment . Tumors were ex- 
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cised, measured, weighted and send to a pathologist 
for further analysis. 

Results 

5 

Membrane androgen binding sites on the human prostate 
cancer cell line LNCaP 

Membranes, prepared from cultures of LNCaP cells were 
incubated with different concentrations of 

10 [ 3 H] testosterone (ranging 2-50 nM) without (total 
binding) or with (non-specific binding) a 1000 -fold 
molar excess of unlabelled androgen (DHT) . After 
overnight incubation at 4°C, membrane -bound radioac- 
tivity was separated and counted. It was found, as 

15. presented in Figure 1A, that [ 3 H] testosterone , ranging 
from 1 to 50 nM, induces a specific saturable bind- 
ing. Scatchard analysis of the results (Figure 5A in- 
sert) revealed a high binding affinity for testoster- 
one (K D 10.9 nM) and a number of binding sites of 

20 144.3 fmoles/mg protein, corresponding to an approxi- 
mate number of 13340 sites/cell. 

The androgen selectivity of this membrane -binding 
component was verified by competition displacement 

25 experiments. Membranes were incubated with 
[ 3 H] testosterone in the presence of varying concentra-' 
tions of DHT or other steroids (10~ 12 -10~ 6 M) . As 
shown in Figure IB, DHT produced a displacement of 
radiolabeled testosterone. In contrast, estradiol and 

3 0 progesterone displaced radiolabelled testosterone 
with a significant lower affinity (10 4 - and 10 2 -fold 
respectively) confirming the androgen selectivity of 
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the identified membrane -binding site. 

The presence of membrane testosterone receptors" was 
equally identified using the testosterone analog tes- 
5 tosterone3- (O-carboxymethyl) oxime - BSA-FITC, ob- 
tained from Sigma (St Louis, MO) . This analog is not 
capable to penetrate the cells, because of a covalent 
attachment of the steroid with BSA. As shown in Fig- 
ure 2, left panel, a specific membrane binding of 

10 testosterone-BSA was found, by flow cytometry, on 
membranes of LNCaP cells. The association of testos- 
terone-BSA with membrane receptors was observed at 1 
min, was maximal after 10 min, and remained unchanged 
after 30 min of incubation. The membrane binding was 

15 equally verified by confocal laser microscopy, as 
shown in the right panel of Figure 2. As shown, only 
membrane staining was found by the use of the testos- 
terone-BSA conjugate, ruling out the hypothesis of a 
possible internalization of the compound. 

20 

From these experiments it was concluded that prostate 
cancer cells possess specific, high affinity membrane 
binding sites, which are selective for androgens. 

2 5 Identification of membrane testosterone receptors in 

specimens of prostate cancer. 

In a series of 14 prostate cancer specimens, 10 tran- 
surethral resections for benign prostate hyperplasia 
(BPH) , and 8 microscopically verified non-malignant 

3 0 specimens from the same cases, we have prepared 

epithelial cell specimens. Cells were immunostained 
with monoclonal antibodies to vimentine, cytokeratine 
and PSA, to evidence stromal, and normal or malignant 
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epithelial cells respectively. It was verified that 
epithelial cells accounted for more than 85% of total 
cells," ±n all studied specimens. Cells were incubated 
for 10 min with testosterone-BSA and assayed by flow 
5 cytometry. As shown in Figure 3, membrane testoster- 
one binding was very low in cases of BPH, while a 
high binding was found in all cases with cancer. In 
this respect, membrane testosterone receptors can 
fully discriminate malignant from benign cases of 
10 prostate tumors. 

The above discrimination was apparent also by fluo- 
rescent staining of prostate epithelial cells in 
.touch preparations (Figure 4, upper panel) . Indeed, 
15. after surgery, gross identified malignant lesions of 
the surgical preparations were touched on Super - 
Frost /Plus slides, adhered cells were stained with 
testosterone-BSA-FITC, and immediately analysed in a 
fluorescent microscope. As shown, only malignant 
20 epithelial cells were stained, while BPH epithelial 
cells presented a very low fluorescence. Finally, as 
shown in the lower panel of Figure 4, membrane tes- 
tosterone receptors can be identified in routine his- 
tological slides, from formalin- fixed, paraffin- 
25 embedded cases of prostate cancer. It is interesting 
to note further, that testosterone membrane staining 
can identify cases of intraepithelial neoplasia spe- 
cifically. 

30 From the above results, it becomes apparent that tes- 
tosterone membrane receptors are a specific and se- 
lective element of prostate cancer. 
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Identification of membrane steroid receptors in 
breast cancer specimens 

Estrogen- "progesterone- and .androgen -membrane binding 
was assayed in steroid receptor positive and negative 
5 tumors, as assayed by immunocytochemistry. Typical 
results are presented in Figure 5. As shown, regard- 
less of the state of intracellular steroid receptors, 
BSA-conjugated steroids identify components in histo- 
logical preparations- Androgen receptors are present 

10 in low concentrations in these breast tumors. In con- 
trast, estradiol -BSA and progesterone-BSA identify 
pericellular components in tumoral cells in the 
breast. This is more obvious in ER/PR negative tu- 
mors, in which there is no interaction with intracel- 

15 lular receptors. Indeed, in ER/PR positive cases, as 
there is a cellular damage, during slide preparation, 
these exist, in some cases, a diffuse pattern of 
staining, which, in some cases can not be attributed 
to a pericellular, intracellular, or nuclear binding. 

20 

Identification of membrane steroid receptors in hema- 
tological malignancies 

In normal blood white blood cells (WBC) we have iden- 
tified testosterone membrane binding (performing rou- 
25 tine flow cytometric assays) . The distribution of 
testosterone-positive cells are shown in Table 1. 



30 
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Table 1: Distribution of membrane testosterone posi- 
tive (Testo+) cells in different groups of WBC in 20 

health blood donors. . ■ ■ ' ' " 

Lymphocytes. Monocytes Polymorphonuclear 

% of total 35 . 6±1 . 03 7 .7 + 0 .41 56. 1 + 1.18 — 
WBC 

Testosterone 8.9 2.2 11.6 



%Testo+ in 23 28 20 

category 



5 As shown, membrane testosterone receptors are ex- 
pressed in all three classes of WBC. It is interest- 
ing that monocytes express, in higher percentages 
these sites. 

10 The analysis of testosterone membrane receptor in 
subclasses of lymphocytes is expressed in Table 2. 

Table 2: Distribution of membrane testosterone posi- 
tive cells in different categories of lymphocytes . T 

15 cells were assayed by the assay of CD3 marker, B by 
the expression of CD19, and NK cells by the expres- 
sion of CD56 lymphocyte antigen. Coexpression of the 
above marker (marked by a PE- labeled monoclonal anti- 
body) with testosterone-BSA-FITC was used for the de- 

20 tection of the testosterone positive subset of cells. 

T B NK 

% of total Lym- 76 14 9.7 

phocytes 

Testosterone + 18 4.25 3.4 

%Testo+ in cate- 23 30 34 

gory 
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As shown, B- lymphocytes and NK cells express prefer- 
entially the testosterone receptor., as compared to T- 
lymphocytes. In addition, further analysis of T- 
cells, showed an equal distribution in CD4 and CD8 
5 positive lymphocytes . 

In four cases of malignancies, the distribution of 
testosterone membrane receptor is shown in Table 3. 



Table 3 : Detection of membrane testosterone binding 
in four cases of hematological malignancies. The mean 

of the normal controls is given for comparison. 

Diagnosis Lymphocytes Monocytes Polymorphonuclear 





% 


% Testo+ 


% 


% Testo+ 


% 


% Testo+ 


ALL remission 


19 


24 


8 


25 


73 


19 


ALL 


81 


16 


1 


25 


18 


14 


AML Remission 


32 


24 


10 


35 


58 


27 


Malignant Lymphoma 


70 


19^ 


7 


34 


23 


16 


Normal 


36 


25 


8 


28 


57 


21 



2 0 As shown, membrane testosterone binding was found de- 
creased in lymphocytes in ALL, while it returns to 
the levels of normal controls in remission. In con- 
trast, in malignant lymphma and AML, increased tes- 
tosterone membrane binding is found in monocytes, 

25 while in ALL and the case of lymphoma studied, poly- 
morphonuclear membrane testosterone receptors are 
found to be decreased. 
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In Table 4,. it is presented the distribution of tes-\ 
tosterone receptors in* different subclasses of lym- 
phocytes- As shown, membrane testosterone receptors 
5 are equally low in all three subsets of lymphocytes, 
in the case of ALL, returning to normal values after 
remission. The same result is also found in the case 
of AML. 



Table 4: Distribution of membrane testosterone recep- 
tors, in four cases of hematological malignancies. 
Results obtained in normal blood donors are given for 
comparison . 



Diagnosis 




T 




B 




NK 


% 


% Testo+ 


% 


% Testo+ 


% 


% Testo+ 


ALL remission 


85 


20 


35 


6 


10 


3 


ALL 


64 


9 


5 


2 


2 


0.2 


AML Remission 


73 


13 


5 


1 


15 


5 


Malignant Lymphoma 


90 


17 


13 


4 


5 


1 


Normal 


76 


18 


14 


4 


10 


3 



It is interesting to note that the distribution of 
testosterone membrane sites shows a 'differential dis- 
tribution in normal and leukemic cells. In addition, 
as shown in Figure 6, bone marrow stem cells (both 
25 CD34 and AC133 positive) express membrane binding 
sites for all three steroids tested (estrogen, pro- 
gesterone and androgen) . It is therefore possible 
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that the expression of non-mature lymphoid cells ac- 
count for the differential expression . of . membrane 
testosterone receptors, and therefore, the invention 
may also be used for the detection and treatment of 
5 hematological malignancies. 

Interaction of membrane steroid receptors with actin cvtoskeleton 
Figure 7 shows the effect of action of testosterone- 
BSA conjugate to the actin cytoskeleton of LNCaP hu- 
10 man prostate cancer cells, assayed by confocal laser 
scanning microscopy. As depicted, 10 minutes after 
testosterone application, a profound modification of 
the cytoskeleton occurs. Actin filaments are redis- 
tributed at the periphery of the cell, while, as pre- 
.15 sented at the lower panel of Figure 7, the signifi- 
cant decrease of the ratio of soluble (monomeric) to 
insoluble (polymerised) actin indicates that profound 
alterations of the actin cytoskeleton occur, in favor 
of a polymerisation process. 

20 

Further work revealed that testosterone receptors lo- 
cated on cell membranes of LNCaP cells activate key 
signalling molecules in a hierarchy of FAK-»PI-3 
kinase-^Cdc42/Racl-->actin reorganization. The fact 

25 that testosterone was less active than testosterone- 
BSA conjugate further indicates that this signalling 
cascade might be specific of the activation of tes- 
tosterone membrane binding sites. These results out- 
line, for the first time, a signal transduction path- 

30 way that was triggered by membrane testosterone re- 
ceptors in prostate cancer cells and leads to actin 
reorganization . 



WO 2004/006966 PCT/IB2003/002785 



32 

Long term \ (24 hours) incubation with testosterone-BSA decrease cell prolifera- 
tion of cancer cells 

In view of the above results, we incubated prostate 
5 cancer LNCaP cells with testosterone-BSA alone (10~ 7 
M) or together with Taxol® (1CT 8 M) for 24 hours. As 
shown in Figure 8A, a 50% decrease of cells incubated 
with testosterone -BSA alone was found. In addition, 
a potentiation of the action of Taxol @ by -7% was also 
10 found. If medium was replaced after this 24 hours in- 
cubation, and cells were provided with fresh medium 
without any added substance and let to stay for addi- 
tional 4 8 hours (a condition mimicking the weekly ad- 
ministration of. low doses of Taxol® in clinic) , cells 
15 recover partially (Figure 8B) . In this case, the ac- 
tion of testosterone-BSA is more potent than that of 
Taxol®. This effect is dose-related to the testoster- 
one-BSA, as shown in Figure 8C, indicating an addi- 
tive effect of testosterone-BSA with taxol . 

20 

In vivo effects of testosterone-BSA in nude mice. 

All mice supported very well the treatment with tes- 
tosterone-BSA, at the concentrations used. As pre- 

25 sented in figure 9, testosterone-BSA induced a time- 
dependent decrease in tumor mass by 53%. Addition of 
Taxol® produces a dramatic decrease of tumor weight 
by 77%. The experiment was stopped at four weeks, 
v/hile testosterone-BSA did not reach a plateau. 

3 0 Therefore it is possible that the decrease if tumor 
mass could be greater for longer periods of treat- 
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ment. In addition / apoptosis was observed histologi- 
cally in all tumors studied. 
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